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prudence, behavioral genetics, and antisocial

behavior (ASB). Given our level of scientific
knowledge today, this combination is more akin to a
cerebral smorgasbord than to a dinner where starter,
entree, wine, and dessert are carefully chosen to com-
plement one another. Hence, any survey of menus must
be highly selective. We accept as a given that there is a
noteworthy genetic influence on ASB no matter how it
is defined.! In terms of behavioral research, the mag-
nitude of that genetic influence is substantial, but so is
the impact from the environment, broadly defined to
include pre-and post-natal, physical (e.g., anoxia, fetal
alcohol syndrome, or crack) as well as psychosocial
(e.g., quality of parenting, ethnic culture, or religion)
elements.

We will discuss some of the major issues raised by
this fact of genetic influence that have most applica-
bility to topics usually raised by observers outside of
behavioral genetics. Could one eventually use genetic
information, pre-natally or post-natally, to predict
who will and who will not engage in ASB? What hap-
pens if a single gene is found that contributes greatly
to ASB? Does the genetic influence have implications
for prevention, interventions, and rehabilitation? Do
genetics play a part in race differences and ASB? We
request that readers have patience with our exposition
and read on.

Before proceeding, however, we must first examine
the ways in which genes have been thought to relate to
behavior. Here, a new paradigm is emerging and it is
very helpful to recall mistakes of the past so that they
are not repeated. It will be our brief that perceived
threats to jurisprudence from the facts about antiso-
cial behavior drawn from the discipline of behavioral
genetics are, presently, not real (i.e., serious) threats.
We note in passing that behavioral geneticists’ inter-
pretations of facts vary, and that we are considered to
be middle of the road practitioners by our peers.

C ombine the following: medicine, ethics, juris-

An Abridged History of Behavioral

Genetic Research

In the early part of the 20th century, debates about
genes, environment, and behavior were in the form
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of Nature versus Nurture discussions. In the popular
media, Nature (genotype) was — and sadly sometimes
still is - portrayed as mutually exclusive from Nur-
ture (psychological and physical environments), and
wrongly equated with genetic determinism. Toward

ally respond to environmental events.6 Adaptation to
stress, the formation of memory, and the very task of
learning all involve genetic responses to environmental
contingencies. Indeed, today one of the ways in which
neuroscientists document that a certain brain region is

involved in learning, memory,

Could one eventually use genetic information, pre-natally
or post-natally, to predict who will and who will not
engage in ASB? What happens if a single gene is found

that contributes greatly to ASB?

etc., is to measure the change
in genetic activity in that re-
gion.

A new model has emerged,
although it - like the nature/
nurture and statue mod-
els — does not have a formal

the middle of the century, behavioral scientists came
to appreciate that the “either/or” needed to be changed
to a “both/and.” In a prescient presidential address to
the American Psychological Association in 1953, Anne
Anastasi went even further by suggesting that research
needed to focus on “how genes interact with environ-
ments” to influence behavior.?

The next three decades witnessed a great surge in
behavioral genetics research. It was soon realized that
almost all human behaviors have some genetic influ-
ences on the panorama of individual differences seen
amongst us.? Many behavioral scientists of the time
viewed genes as somewhat “static” in their effects.
Genes might influence a developing nervous system
and then maintain that resulting system throughout
the lifespan. Add some environmental stress to a cer-
tain type of nervous system and the person might de-
velop panic disorder or depression. This is the “statue”
model of genes - genes contribute to forming a statue
that is then weathered by the environment.

Thereafter, two lines of data emerged that seriously
challenged the statue model. First, some very strange
behaviors appeared to be heritable - amount of TV
watching, divorce, age at first sexual intercourse, and
combat exposure causing PTSD (nee shellshock) in
Vietnam.* No one seriously thought that millions of
years of hominid evolution resulted in genes that pro-
grammed a nervous system to respond to a TV screen
or to pick up a rifle and travel to Vietnam. Instead,
researchers began to appreciate the indirect influences
of genes on a distal phenotype (i.e., observed behavior).
Systems of genes mediated by endophenotypes® may
influence activity level, for example. Individual differ-
ences in activity levels then makes it more likely that
one person hikes for pleasure while another favors a
sedentary lifestyle. Which of the two will watch more
TvV?

Second, advances in molecular biology and neu-
roscience demonstrated that genes expressed in the
brain (and virtually all other organs and systems) actu-
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name. The new model views
genes and the environment as engaging in a life-long
dance. The type of dance, its movements, and its tempo
change, sometimes very quickly. The lead, moreover,
varies from moment to moment. We will call it the
“tango” model.

Anastasi had it right over fifty years ago. Describing
the gene-environment tango for a specific phenotype
should be the goal of contemporary behavioral genetic
research. We need to focus on her “how.”

Predictability

David Wasserman rhetorically asked “what we should
do, either collectively or individually, if we could iden-
tify by genetic and family profiling the 12% of the male
population likely to commit almost half the violent
crime in our society.”” Before attempting to answer this,
we must first examine the empirical data to estimate
how well we can predict in the first place.

Behavioral genetics deals with population statistics
that have limited application to an individual person
- you or your innocent/guilty client. Even some re-
searchers lose insight into this point, so we illustrate
it with a simple example. Imagine you could bet even
money that men are taller than women. To check the
outcome, the adult heights of 100 men and 100 women,
randomly selected, are recorded and the average height
of the two genders compared. How much should you
wager? The scientific answer is to take out that second
(or third) mortgage, cash out all your stocks and bonds,
and beg and borrow as much money as you can to bet
with. The odds that you will lose are one in several
million.

Now ask, who will be taller - the next man that walks
into a room or the next woman? Smart money takes the
man, but now how much would you wager? It should
certainly be less than the previous wager — you would
lose about one out of four times by picking the man,
with even worse odds at a WNBA draft selection.

Means are population statistics, and we can make
statements about them with a great deal of confidence.

343



SYMPOSIUM

Individuals, however, differ from their respec-

Figure I:

tive population means. Hence, conclusions
about individuals have much less certainty to
them.

One population statistic that behavioral ge-
neticists use (and sometimes misuse) is heri-
tability. The technical definition is the extent
to which observed (i.e., phenotypic) individ-
ual differences can be attributed in any way to
genetic individual differences. Quantitatively,
heritability is a proportion; it ranges from 0 to
1.0 (or, if expressed as a percentage, from 0%
to 100%). A heritability of, say, 0.4 applies to
the population from which it was estimated,
under the circumstances of that population’s
developmental history. It has very little to say
about the mix of genes and environments that
lead to antisocial behavior in any individual
person from that population.

Let us now engage in a thought experiment
that many consider a nightmare. Imagine a
future technology in which every human gene
has been cataloged, in which all those genes
involving ASB have been found and their ef-
fects quantified, and in which one can very
cheaply measure all of the genes in an indi-
vidual person. Imagine further that we take a large
number of children at birth and genotype them on the
ASB-related genes. We could then assign each infant
a number for its “genetic risk index” for ASB based on
the data previously collected. We follow up the cohort
over their lifetimes and develop a composite measure
of ASB. (Since we are in thought-experiment mode,
let’s pretend that there are no generational changes in
the environment between the original sample and the
birth cohort, no measurement problems, and so on.)
How well would our predictions turn out?

Surprisingly, we can answer that question with data
already in hand. We do not know the genes, we cannot
genotype an individual on all known genetic factors
(let alone do it inexpensively), and we certainly cannot
create a genetic risk index. But we can still answer the
question. Why? Because we can use data on identical
and fraternal twins, ordinary siblings, and adoptive
relationships to calculate heritability and hence, the
actual correlation between a “genetic risk index” and
a phenotype, even though we cannot directly measure
the former.?

Figure 1illustrates the conclusions that can and can-
not be made with certainty using the concept of herita-
bility. Each dot in the figure denotes a single individual
from a hypothetical population in which the heritabil-
ity for antisocial behavior is .5. One can use Monte
Carlo simulation (a standard statistical procedure for

Antisocial Behavior
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The predictability — and lack of it — of antisocial behavior
from a hypothetical genetic risk index measured without
error. Closed circles denote hypothetical individuals ap-
prehended for a serious crime; open circles are those never
apprehended.

Average High

Genetic Risk Index

emulating many hypothetical samples in the computer
to be cost effective) to generate a genotypic value for
an individual and then calculate that person’s average
level of antisocial behavior using the heritability esti-
mate and a randomly generated number representing
the environment. By repeating this 5,000 times, we
can generate a population such as that presented in
the figure.

The dots are divided into two types, open circles and
gray-shaded, filled circles, although in some areas of
the graph, the open circles are so numerous as to give
the appearance of an amorphous black blob. The open
circles denote individuals who have never come to the
attention of the law, save for minor traffic violations
and misdemeanors. The shaded circles are those who
do come to the attention of the law. Again, these cal-
culations were performed by simulations, assuming
that the greater the average level of antisocial behavior,
the greater the likelihood of apprehension for a crime.
Given that many otherwise law-abiding citizens can
occasionally commit and be caught for an offense, no
one is entirely free of risk for arrest.

The two vertical lines labeled g1 and g2 in the figure
portray two groups that differ in their genetic risk in-
dices, with the open and closed circles that touch aline
denoting the individuals in that group. Scientifically,
we can say that the g2 individuals will, on average, ex-
hibit more antisocial behavior and have more contact
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with the law than the g1 individuals. The certitude of
this statement is quite strong, approaching that of the
mean difference in height between men and women.
But what can be said about a randomly selected in-
dividual from g2 compared to one from g1? Here the
certitude reduces to one roughly equal to that of guess-
ing whether a randomly chosen man will be taller than
arandomly chosen woman. One should always predict
that the person from g2 would have a worse outcome
than the one from g1, but plenty of serious errors would
be made in a large series of such comparisons.

Hence, unless the heritability is 1.0 - and the esti-
mated heritability of ASB is much below that — we will
never be able to predict without serious errors. Brave
New World and Gattaca are both thought-provoking
examples of science fiction; but they are a fiction that
will never come to pass.

Genetic Markers

In these days of “gene for this and gene for that” discov-
eries, perhaps the most dreaded research result would
be a “genetic marker for antisocial behavior.” Our previ-
ous discussion of heritability and predictability should
have already cautioned us that any such gene would
have very limited predictive effects, but caution makes
for weak headlines. Undoubtedly, such news would
feed the major print and broadcast media for a day or
two with the expert geneticists who appear on the talk
shows offering the requisite qualified statements about
the importance of such a finding.

But how would such a finding impact medical and
legal practice and social ethics? Should individuals
with the high-risk genotype be viewed as less culpable
than those with the low-risk genotype? Should such
differences be considered in the penalty phase? These
are usually questions sharply debated, usually with hy-
pothetical examples. The reality of the situation is very
different. We have previously gone on record to say that
(1) we already have a highly replicable genetic marker
for antisocial behavior; and (2) the effect of this marker
is probably larger than the effect of any other marker
that will ever be discovered for behavioral traits.!* Fur-
thermore, medicine, law, and ethics have a very long
history of dealing with this marker.

With very rare exceptions, individuals who receive
an X chromosome from mother and another X from
father are female, and those who receive an X from
mother but aY chromosome from father are male. Phe-
notypically, XY individuals (males) engage in eight to
nine times more antisocial and criminal behavior than
XX individuals (females), particularly in areas of inter-
personal violence (assault, robbery, rape, and murder).
Hence, the Y chromosome is a genetic marker for anti-
social behavior. In fact, such a conclusion can be readily
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replicated by the gold standard in genetic methodology
- the family - based association design.'s

Most readers, we suspect, will respond - with various
degrees of stridency - that the relationship between sex
and antisocial behavior could be due to the environ-
ment. After all, could not differential socialization and
tolerance of antisocial behavior be responsible for the
observed sex difference? We posit that this is a very
legitimate idea while steadfastly maintaining that the
Y chromosome is a valid genetic marker of ASB.

Before you readers who are physicians start prescrib-
ing anti-psychotic drugs for us, we urge you to review
the introduction to this paper. The Y chromosome is
definitely (1) genetic; and (2) predictive of ASB. Those
viewing this with the nature/nurture or statue models
in mind can certainly engage in philosophical discus-
sion about the meaning of causality here. Modern be-
havioral geneticists eschew such inquiries in favor of
asking the following, “how does this relationship be-
tween the Y chromosome and ASB come about?”

Figure 2 gives a plausible, though oversimplified, pic-
ture of one such model. The Y chromosome may lead
to small, initial differences in, say, aggression (path
a in the figure), and society may react to those small
differences in ways that then exacerbate the difference
(path b). There may be few initial differences, but the
traditional sex-stereotyped treatment that begins with
pink and blue head caps in the nursery might extend
throughout the lifespan, creating differences that oth-
erwise would be absent (paths ¢ and d). Finally, the
cascade of hormonal differences that begins with the

Figure 2:

Hypothetical pathways illustrating the ‘“how”’ of
an association between theY chromosome and
antisocial behavior.

Y
C a
Societal Sex-Role e Societal Reaction
Expectations to Early Aggression
d b
\/
ASB
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intrauterine SRY gene on the Y may indeed influence
the nervous system of males and females in different
ways (path e). Our view is that science — and eventually
society at large — will benefit more from empirical re-
search into the “how” than from arcane debates about
causality.

Before leaving Figure 2, we point out that behavioral
scientists consider the relationship between the Y chro-
mosome and ASB using paths (ab) and (cd) as media-
tion.’® In short, socialization mediates the relationship
between the Y chromosome and ASB. The terms direct
relationship (path e) and indirect relationship (paths
ab and cd) are also used.

The Gene

To obtain a greater appreciation of the “how,” we need
to explore the meaning of a gene. When many people
think of a gene and a trait, they imagine blood types
- phenotypes that are relatively immutable by the en-
vironment. This also represents the view of many ge-
neticists until the middle of the 20th century. Data
from the past fifty years, however, alerted us to the
great flexibility of genes and how genetic mechanisms
have evolved to make us sensitive to and respond to the
environment.

Most genes do not have a direct causal effect for any-
thing. Instead, they remain static and unchanged in
the nucleus of the cell. What a gene does is provide the
blueprint for a chain of amino acids that then folds
back on itself (and may join with other amino acid
chains) to form a protein or enzyme. The proteins and
enzymes do the actual work, not the genes.

The process whereby the blueprint of a gene is “read”
to start the process of eventually building the amino
acid chain is called transcription. For many genes, the
environment can influence whether or not they are
transcribed in the first place or ratchet up or down
the extent to which they are already being transcribed.
Environmental stress, for example, influences the ex-
pression of many genes. It initiates the transcription
of some genes (colloquially known as “turning a gene
on”), inhibits the transcription of others (“turning a
gene off”), and changes the level of transcription of yet
other genes. In short, environment plays a critical role
in determining our effective genome - the extent of
transcription, and the lack of it, at a given time.

Are there genes that respond to the environment
with proteins and enzymes that eventually influence
antisocial behavior? We have no evidence one way or
the other. But there are good reasons not to discount
such a possibility. Testosterone is a type of hormone
that responds to the psychosocial environment in rats,
mice, humans, and other primates. The effect of tes-
tosterone is to change the transcription rate of genes.
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Could short-term changes in testosterone be one of
many factors in a social situation that could alter the
balance of proteins and enzymes to promote aggres-
sion in one circumstance or docility in another? The
model of testosterone here is not one of an endogenous
“aggression” machine. Instead, perhaps the social envi-
ronment induces a short-term change in testosterone
that then affects individual differences in the release
of aggressive behaviors. The social environment is the
indirect effect and testosterone is the mediator.

The “Aggression Gene” that Wasn’t

In the early 1990s, Han Brunner and colleagues were
asked by members of a Dutch family to investigate why
a significant number of males in the extended fam-
ily engaged in peculiar behavior, including aggression
and inappropriate sexual behavior. At the end of their
investigation they found that affected members all car-
ried a mutant blueprint (gene) for the enzyme mono-
amine oxidase A (MAQO-A).7

These results (and other related ones) were portrayed
in the media as the “aggression gene” and the “vio-
lence gene.”s Many scientists - Han Brunner foremost
among them - protested that there was no specificity
between this gene and violence. Nevertheless, many
geneticists at that time were called upon by legal coun-
selors to request testing on the MAO-A gene for their
accused or convicted clients.”?

The most celebrated case of this kind was that of Ste-
phen Mobley, who at age twenty-five shot and killed a
store manager while robbing a Domino’s Pizza parlor.2°
Citing the Brunner study, Mobley’s attorneys petitioned
the court for expert assistance and funds to be tested
for the MAO-A mutation described. The intent was to
present these findings during the penalty phase, and
in support, the attorneys presented Mobley’s pedigree
that illustrated a four-generation pattern of violence
in the males. The request was denied partly because
“[tThe theory of genetic connection...is not at a level
of scientific acceptance that would justify its admis-
sion.”!

The Mobley case illustrated a stark lack of under-
standing of genetics on the part of the state and, pos-
sibly, on the part of the defendant’s attorneys. The
observed pattern of transmission for offending in the
Mobley pedigree was from grandfather to father to
Stephen - i.e., male to male transmission. The MAO-A
gene, however, is on the X chromosome which Stephen,
being XY, could only have inherited from his mother.
Hence, the pedigree was entirely inconsistent with a
problem - any problem - in the MAO-A gene.>2

The MAO-A story does not end with the Mobley deci-
sion. Han Brunner himself stated that “the notion of an
‘aggression gene’ does not make sense.”?? The members
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of the Dutch pedigree had themselves clearly distin-
guished the affected from unaffected males. This was
over forty-five years ago, well before any genetic testing
for the MAO-A gene had been developed. Hence, the
phenotype was quite distinct. That phenotype, how-
ever, was not specific to aggression. Borderline mental
retardation and learning disabilities also characterized
the affected males, and a century of behavioral research
is consistent in showing that these features are associ-
ated with ASB.2*

Finally, all of the requests for genetic testing of the
MAO-A mutation resulted in a singular finding - the
Dutch pedigree has been the only one in the world in
which this mutation has been found. Testing of many
hundreds of other samples, many from convicted and
incarcerated men including sexual

for those disorders in which early interventions are dis-
covered and have demonstrable ameliorative effects.

ASB is not a medical syndrome like PKU, cystic fi-
brosis, and sickle-cell anemia. Some might consider
this fact alone as a cautionary note about intervention,
but we must note that social policy has often promul-
gated large, extensive and expensive interventions in
other complex phenotypes. Think of Head Start for
example.

The real impact of the PKU lesson is in rehabilitation.
If PKU can be managed environmentally, then we can
never be nihilistic about environmental preventions,
interventions, and rehabilitation strategies even for a
complex multifactorial disease, such as schizophrenia,
which has a much lower heritability. The intervention

offenders, has never uncovered even
a single individual with the same
defect. It is very likely that a novel
mutation occurred in the MAO-A
gene in this one family several gen-

To separate genetic factors from environmental
factors in race differences requires research designs
that are logically impossible at the present time.

erations ago and was transmitted
through the unaffected women.?s

Today, we still lack a well-described single-gene
disorder that has aggression and/or ASB as its major
phenotype. Single-gene disorders typically create pro-
found metabolic problems that influence whole sys-
tems of organs and not specific nuclei or circuits in the
brain. Brunner syndrome does just that. It is a very
basic metabolic defect that influences the amount of
certain types of neurotransmitters in the brain. Many
different behavioral systems are influenced by such a
basic flaw.

Prevention, Intervention, and Rehabilitation

The first decision about preventive interventions is
whether or not to engage in them in the first place.
It is only recently that vitamins have been added to
milk and bread, and fluoride added to our drinking
water, and then with the consensus of scientists and
the public. There are clear examples in genetics of well-
described syndromes where withholding intervention
is generally regarded as unethical (and possibly even
unlawful, although we know of no established case law
in this area). In phenylketonuria (PKU) a single locus
recessive disorder that is 100% heritable - clearly the
poster child for this situation - early detection and di-
etary intervention can prevent the severe mental retar-
dation, attentional difficulties, hyperactivity and other
behavioral problems that, before the middle of the 20th
century, condemned a majority of its victims to institu-
tionalization. In fact, the current ethos about neonatal
genetic screening is that it should be performed only
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in PKU is dramatic and outside of the ordinary dietary
variation for unaffected infants and children. Hence,
we must be prepared to explore interventions for ASB
that are also outside of the typical environmental range.
But we must never despair about those interventions
because of the heritability of ASB.

A big problem with using preventative interventions
is the phenomenon of gene-environment correlation
(or GE correlation). GE correlation can arise is several
ways. For antisocial behavior, one likely mechanism is
that parents with high genetic probability of develop-
ing ASB create unsavory environments for their chil-
dren after they (may) have transmitted half of the genes
implicated as distal contributors to that phenotype. In
ordinary epidemiological research, the observed cor-
relation between a putative risk factor - say, parental
substance abuse — and offspring, ASB is a result of the
direct causal effect of parental substance abuse on off-
spring ASB; and the extent to which liability for ASB
is transmitted to offspring and, at the same time, leads
to (orisin any other way associated with) irresponsible
use of alcohol and drugs. If the direct causal effect is
large, then interventions into parental substance abuse
will be beneficial to the offspring. If, however, most
of the correlation between parental substance abuse
and offspring ASB comes from the indirect GE cor-
relation, then the effect of the intervention might be
more modest.

A second mechanism can also generate GE corre-
lation but lead to very different conclusions. People
with certain predispositions can self-select preferred
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environments that feel good to them. If genes influ-
ence the predisposition, and if the self-selected envi-
ronment reinforces the predisposition, then the cycle
of predisposition = environment = predisposition =
etc. creates GE correlation. Unlike the familial mecha-
nism described above, the effect of this GE correlation
is confounded with the heritability of ASB. Hence, an
environmental intervention into ASB could, in theory
at least, have a much greater impact than a heritability
estimate might suggest.

Unfortunately, with today’s technology it is very dif-
ficult to quantify the magnitude of GE correlation, let
alone clarify the mechanisms behind it. Only designs
that can tease apart the effects of shared genes from
shared environments (e.g., twins and adoptees) can
begin to illuminate the issue. But even here, the strat-
egy amounts to gathering data on, say, twins who are
parents and their children, and then fitting biometrical
genetic models to the data. A more superior and robust
strategy - directly measuring genetic liability and cor-
relating it with environmental risk factors — may be
available at a future date.

Rather than await such a technology - which may
never even materialize — the best interim approach
appears to be trial-and-error. We mean no disparage-
ment here. Interventions are being made in the home,
in schools, and in the legal system all the time. We en-
courage rigorous academic approaches to the develop-
ment and assessment of these interventions, but like all
scientific enterprises, a bit of tinkering here and there
should never be overlooked.

Culpability and Penalties

Would scientific genetics ever be used in the guilt phase
of a trial? Given today’s knowledge of genetics, the clos-
est that one might come is when a defendant suffers
from a rare genetic syndrome that has extreme mental
retardation as one of'its many consequences. The same,
however, cannot be said of the penalty phase.

There are two distinct types of situations in which
genetic evidence may be useful in sentencing. The first
occurs when a defendant has a known genetic syn-
drome that might, in conjunction with equivocal evi-
dence, sow doubt about the appropriateness of a harsh
penalty. Imagine a convicted murderer with an IQ on
the cusp of established norms for mental retardation.
Would a judge accept such evidence as the defendant
suffers from Fragile-X syndrome as a mitigating factor
for capital punishment? We lack expertise to comment
about the legal ramifications of this situation, but it
certainly deserves careful consideration. The second
situation is quite different. Let us return to the enzyme
MAO-A, but instead of a severe defect in the gene (such
as the one responsible for Brunner syndrome), imag-
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ine normal variation in the gene so that some people
manufacture more molecules of MAO-A than other
people. Could such genetic evidence be used in a pen-
alty phase?

One issue that creates difficulties in thinking about
these issues is genotype by environment interaction.
Let us examine this briefly and then return to the dis-
cussion of culpability and penalty.

To illustrate the complexities, we discuss the concept
of genotype x environment interaction (G x E), some-
thing that has attained the status of a sacred mantra.
There are equivocal meanings to G x E. The first, usu-
ally termed the lay meaning, is that both genes and the
environment contribute to the phenotype. It is often
expressed through phrases like “it’s not the genes and
it’s not the environment that are important; it’s the in-
teraction between the two.” Although this is a very use-
ful concept for educating the public about genes and
behavior, in terms of contemporary behavioral genetic
science, it is a platitudinous aphorism.

The second meaning, usually termed the statistical
meaning of G x E, is best captured by Lindon Eaves’
comment?® that “all G x E interactions reflect differen-
tial sensitivity to the environment.” To illustrate, exam-
ine Figure 3.27 The graph plots mean levels of antisocial
behavior as a function of reported childhood maltreat-
ment. There are two lines, one for each MAO-A geno-
type. The genotypes do not alter the blueprint for the
enzyme; rather, they influence its rate of transcription.
One genotype leads to slower transcription of the DNA
in the genotype and hence, a lower production rate for
MAO-A molecules; the other increases transcription
and leads to a higher number of MAO-A molecules.

Figure 3:

The moderating effect of low- and high-activity
MAO-A genotypes on the relationship between
childhood maltreatment and antisocial behavior.
Based on Caspi et al., endnote 26.
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The two lines in the figure reflect the two genotypes.
Note that both lines demonstrate that increased child-
hood maltreatment leads to higher levels of ASB in
both genotypes. The two lines, however, are not paral-
lel (a fact that implies a statistical G x E interaction).
The slope of the line for the low-transcription genotype
is steeper than that of the high-transcription geno-
type. Of the two genotypes, the low-transcription one
is more sensitive to childhood maltreatment than is the
high-transcription genotype.

Scientists need to see such a result replicated several
times before it is included in textbooks, but we can use
it as a springboard for discussions on ethics and the
law.28 Suppose the defense attorney for a man convicted
of assault and robbery argues for leniency because the
man not only suffered severe childhood maltreatment,
but also has the high-transcription genotype that made
him most sensitive to that maltreatment. Should such
arguments be considered in the penalty phase?

Race

Let’s be blunt. Put the words “race” and “antisocial be-
havior” together in one sentence, and most people im-
mediately think of the high arrest and incarceration
rates among African Americans. Others will immedi-
ately attribute racist agendas and right wing conserva-
tism to the authors of the sentence. The very meaning
of race has become a hot issue in many fields. We have
no time to enter that debate here. Simply put, we define
race in the way ordinary folks use the term - the way
that people self-identify themselves by, say, checking
off one (or more) boxes on a census form. Genetic in-
dividual differences can indeed predict this definition
of race with very high accuracy.?

We view the association between race and ASB much
as we did with the Y chromosome. One pathway is that
race, just as the Y chromosome, leads to differential
socialization, social and behavioral expectations, social
identities, and a large number of other factors. These
factors then influence the probability of ASB. Could
genes that are associated with race directly influence
ASB? We do not know. Furthermore, we posit that we
currently lack the technology to provide an unequivo-
cal answer to this question. What we can say without
any qualification is that there is definitive evidence
that some aspects of the social environment must be
involved in this difference.

Troy Duster points out that the ratio of incarcera-
tion rates for blacks to whites was three-to-one in 1933
but increased steadily to seven-to-one in 1989.2° This
phenomenon is the ASB equivalent to the Flynn effect
in IQ scores, i.e., the observation that mean IQ has
been steadily rising in industrialized nations.?' These
secular changes are much too large to be attributed to a
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genetic phenomenon such as natural selection. Hence,
their origins are most closely tied to changes in physi-
cal and psychosocial environments. The blend of law
(e.g., the War on Drugs), law enforcement strategies,
social factors, poverty, and overt racism that enter into
the change in incarceration ratios across our nation
is unknown. It is clear, however, that changes in gene
frequencies due to natural selection would only have a
trivial influence on this secular trend.

To separate genetic factors from environmental fac-
tors in race differences requires research designs that
are logically impossible at the present time. Identical
twins of opposite race are a biological impossibility (al-
though fraternal half-sib twins of different races have
been encountered). Even if we attempted a thought ex-
periment along these lines, the results would be hope-
lessly confounded. If black members of twin pairs had
higher rates of crime, we can never rule out the fact that
society treated the black member differently from the
white one. Trans-racial adoption studies are another
quasi-experimental design, but there is no guarantee
that the tenderness of an adoptive family is matched
by the adoptee’s school chums.

A body of molecular genetics findings from family-
based association designs would shed considerable
light on this issue. But we have no such body of knowl-
edge, and it is unlikely to be developed in the immedi-
ate future.

These are the reasons we say that we do not know if
there is a direct genetic influence on race differences
in ASB and why we lack the technology to answer that
question. Also, the debate about race differences is
much different from academic debates such as whether
anatomically modern humans interbred with Nean-
derthals. Among the general public, the Neanderthal
question might raise a curious eyebrow here and there,
but the genes-race-ASB controversy hurts, denigrates,
angers, and offends people. We are not professional
card-carrying ethicists. Nevertheless, we feel that com-
mon sense and common decency dictate that research,
publication, and press releases addressing genetic in-
fluence on race differences should be held to a much
higher ethical standard than research on Neanderthals
and modern humans.?3?

A Modest Suggestion

Our review suggests that there is not much in the way
of firm scientific evidence on genes and ASB that is ripe
for harvesting by either the legislature or the courts.
Apart from rare (and usually quite debilitating) single-
gene disorders and the Y chromosome — maleness - no
genotype has been consistently associated with ASB.
The current thinking is that any single genes that might
emerge from the current epoch of molecular genetic
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research will have quite small effects. Finally, even if
one could assay all of the genes that could contribute
to ASB and quantify each and every one of their effects,
the overall error rate in predictions would be unaccept-
ably high (see the discordance rate in identical twins
for felonies in the Danish twin study by Christiansen
and colleagues).33

That said, there is no question that genetic findings
will eventually be introduced (or attempt to be intro-
duced) in court. How should these be treated? From
a scientific perspective, it is important to learn from
the history of DNA polymorphisms used to identify
people (DNA “fingerprinting”). In the early days of
such evidence, with virtually no legislation and little
precedent, it was the scientists that got together to
suggest a system to the court that was both fair and
scientifically justified.?* We suggest a strategy whereby
court-appointed experts are consulted on a case-by-
case basis when sets of genes with practically useful
predictive power in the realm of ASB are eventually
identified. The predicted effects and relevance of such
genes would not be expressed “in a vacuum” and would
require the best available context-relevant information
about the entire life course of an individual.
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